Generation of carbon, silicon and silver clusters by the laser-vaporization supersonicexpansion cluster beam source was studied using a reflectron type time-of-flight (TOF) mass spectrometer. Atomic cluster was generated by the laser vaporization of solid sample disk followed by cooling with supersonic expansion of pulsed helium gas. The neutral cluster carried by helium gas was ionized by 4th harmonics of Nd: YAG laser and accelerated by the high voltage to the reflectron mass spectrometer. Positive ion TOF mass spectra of carbon, silicon and silver clusters were compared for several cluster source nozzle conditions. Helium gas pressure at the time of vaporization of solid material had the key role for the determination of obtained cluster size range. The effect of pressure was thoroughly examined for relatively large carbon cluster which was regarded as fullerene.
INTRODUCTION
The atomic and molecular clusters are being recognized that they play the important role in the thin film deposition process and phase change phenomena. Furthermore, small clusters are the most adequate system for the verification of quantum molecular dynamics calculations such as the interference of light and matter, since only clusters can be the small atomic system with physically reasonable boundary conditions. Experimental treatments of such atomic and molecular cluster are now desired. In order to examine such atomic and molecular clusters, we have implemented the laser-vaporization supersonic-expansion cluster beam source with the reflectron type TOF (Time of Flight) spectrometer. In this paper, the design of cluster beam source and the reflectron TOF spectrometer are described along with the generated carbon, silicon, and silver clusters. The generation of relatively large carbon † To whom correspondence should be addressed: Dept. of Mechanical Engineering, The University of Tokyo, 7-3-1, Bunkyo-ku, Tokyo 113, Japan. Tel: +81-3-3812-2111 ext. 6421, Fax: +81-3-5800-6983, E-mail: maruyama@photon.t.u-tokyo.ac.jp clusters known as fullerene are especially emphasized. The effect of cluster source parameters such as the nozzle pressure and the vaporization laser wavelength on the generated fullerene mass distribution are discussed.
EXPERIMENTAL APPARATUS AND METHOD
The schematics of cluster source apparatus is described in Fig. 1 , which is connected to the TOF mass spectrometer in Fig.2 . The key design feature is the same as one of author's previous work done at Smalley's group at Rice University [1] . The whole source system is mounted on a 6 inch 6-way cross of UHV chamber which can be pumped to about 10 -8 Torr.
The very short helium gas pulse of about 50 µs duration is injected by the fast pulsed nozzle to ionize. We tryed to use the smallest fluence enough to get the signal.
REFLECTRON TOF MASS SPECTRA OF VARIOUS CLUSTERS
Mass spectra of carbon, silicon and silver clusters are compared in Figs. 6-8. Those cluster distribution were obtained with 532 nm laser vaporization. The carbon cluster distribution obtained from graphite sample disk is shown in Fig. 6 . Only even numbered clusters were observed for positively charged clusters containing more than 30 carbon atoms and C 60 was special as previously reported [4] . The special feature of carbon cluster is that we could get relatively large clusters with less pressure of the nozzle compared with the cases of silicon and silver clusters. To obtain this silver cluster distribution, the higher helium gas pressure and higher power of the ionization laser compared with silicon clusters were necessary.
EFFECT OF CLUSTER SOURCE PARAMETERS ON GENERATION OF FULLERENE
The effects of cluster source parameters on the generation of fullerene, carbon cluster in the range of C 30 -C 130 are studied. Fig. 9 shows the effect of the delay of Q-switch of vaporization laser. The delay of the Q-switch corresponds to the pressure of the nozzle at the onset of the vaporized plume as shown in Fig. 3 . The overall signal intensity gets the maximum at about 340 µs. The pressure in the nozzle at the time of laser shot corresponds to about 150 Torr from Fig. 3 . This optimum pressure of helium is very close to the optimum pressure of arc-generation method, 100-500 Torr. However, the laser ablation fullerene generator works with argon gas at 500 Torr. The vaporization laser is Nd: YAG 2 nd harmonics.
The effect of valve current is shown in Fig. 10 . Higher current corresponds to longer duration of high pressure of the nozzle as shown in Fig. 3 . The amount of total pressure is indicated in each spectrum as the measure of the valve driving current. Since the onset pressure changes at the same time as the high pressure duration, overall signal intensity gets the maximum for the optimum current. At the same time, it is apparent that relatively larger cluster becomes more enhanced for longer duration of high pressure. It seems reasonable to expect larger cluster using the higher pressure.
The effect of the wavelength of the vaporization laser is compared in Fig. 11 . Keeping the fluence of laser constant, the wavelength was changed in the visible light range 500 nm -867 nm (2.48eV -1.43eV). Each spectrum is normalized with the height of C 60 signal. No effect of wavelength on the distribution pattern is observed in Fig. 11 . Even though the vaporization process and clustering process is rather complicated because of the formation of plasma, it is suggested that the primary role of the vaporization laser is the thermal heating. 
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